INTRODUCTION
Green roofs are used more and more often in the construction of buildings, comprising an interesting element of architecture, as well as a solution for helping regulate the heat balance on the inside and outside of a building, and water balance of urban catchments. A green roof also means the better usage of space, especially in large city development. In addition to their ecologic values, green roofs fulfill esthetic and social needs and are an increasingly significant economic factor in shaping the environment of urbanized areas. . A significant element of a green roof is a drainage system for removing excess water. The drainage should be characterized by adequate hydraulic conductivity and be resistant to the changing metrological conditions during the winter period. The article presents the results of studies on freeze-thaw durability and hydraulic conductivity of selected aggregates applied in the construction of green roof drainage systems.
STUDY AIM AND METHODOLOGY
The aim of the study is to determine the influence of cyclic freezing and thawing on the destruction and hydraulic conductivity of aggregates used in the construction of green roofs. The drainage layer (Figure 1 ) is made of mineral aggregates of a natural (i.a. gravel and crushed stone) and artificial (light expanded clay aggregate -LECA) origin, as well as those obtained from recycling (i.a. brick, rubble).
Some of these materials are also used as components of substrates. Six aggregates that can be used in the drainage layer were subjected to analysis ( Figure 2 , Table 1 ).
The main aim of the drainage layer is to remove excess water. Properly carried out drainage systems ensure long-term, safe and failure-free functioning of a green roof. Restricting the ability to remove water from the drainage layer leads to excessive moisture content of the substrate and failure of the system. A characteristic property of aggregates applied in the construction of green roofs is their high water absorbability, reaching as much as 20% (Table 1) . This ensures the possibility of retaining water by the drainage layer and its redistribution to the plant root zone (substrate) during periods of draught. On the other hand, the high absorbability can have an unfavorable effect on the freeze-thaw durability of aggregates [stan- The offer of various kinds of drainage mats and plates made from HDPE or PCV materials, characterized by low mass and high water retention, is also developing dynamically [i.a. Szajda-Brinfeld et al. 2012]. However, both solutions are alternatively applied in practice, and in many points of the system, drainage applying aggregates is irreplaceable. In connection with the above, aggregates should fulfill specific criteria, especially in terms of their durability and hydraulic conductivity. Aggregates in the construction of green roofs are susceptible to a high range of temperatures, especially cyclic changes from positive to negative temperatures. The change in water density under such conditions is significant, which causes, among others, the flaking, cracking and crumbling of the material. A measure of the resistance of a material to the damaging effect of water freezing in its pores is its freeze-thaw durability. Such durability of single-fraction aggregate is, according to the standards PN-EN 1367-1:2007, indicated as the mass loss of a sample subjected to cyclic freezing-thawing, and is expressed by the formula: The water conductivity of aggregates was tested in three repetitions, i.e. prior to freezing and after 30 and 70 freeze-thaw cycles. 
STUDY RESULTS
The results of studies on freeze-thaw durability presented in Figure 4 indicate travertine to be the most resistant to freezing and thawing. The loss of mass following 30 freeze-thaw cycles amounted to merely F = 3.88%. The lowest resistance to the effects of changes in the density of water was exhibited by crushed brick, indicating a 7.82% loss of mass. The mass losses of Chalzedonit and coarse LECA were 4.27 and 5.82% respectively.
The results of measurements of the coefficient of hydraulic conductivity have been presented in Table 2 . Coarse LECA was characterized by the ). The lowest value, i.e. k 10 = 0.043 cm·s -1 , was determined for crushed granite aggregate. After 70 freeze-thaw cycles, Chalzedonit was characterized by the highest value, i.e. k 10 = 2.148 cm·s -1 , with the lowest noted for crushed granite.
All aggregates expressed a decrease in conductivity along with an increase in the number of freeze-thaw cycles.
The lowest decrease in the value of the coefficient of hydraulic conductivity after 30 freezethaw cycles (13%) was noted in crushed brick, at the same time indicating the lowest freeze-thaw durability (F = 7.82%). This means that the freezethaw durability F can only serve as an additional indicator when selecting aggregates for the construction of green roofs. A reliable parameter determining their usefulness is hydraulic conductivity. In the conducted studies, the highest value of the coefficient of hydraulic conductivity after 70 free-thaw cycles was noted for Chalzedonit (k 10 = 2.148 cm·s Assuming that the destructive effect of below-zero temperatures is proportional to the changes in water density, one test cycle is 21.4 times more destructive than the above-assumed transition to below 0 o C in natural conditions. Assuming that there are 85 such changes annually, this can indicate that one winter corresponds to 4 test cycles. Taking the above into consideration, the results of studies on the hydraulic conductivity after 30 and 70 test cycles will correspond to values existing in nature after 7.5 and 17.5 years, respectively.
The extrapolation of the decreasing trend for the hydraulic conductivity of aggregates was carried out assuming an exponential course of changes in the coefficient of hydraulic conductivity, Table 3 .
The estimated values of the hydraulic conductivity (k) of aggregates as a function of the time (t) of using the green roof ( Figure 5 ) make it possible to assess the time during which they by fine LECA will take place after just 12 years of use, and for coarse LECA -after 20 years. In the case of travertine, this period is 37 years, whereas for crushed brick and Chalzedonit -39 and 49 years respectively.
CONCLUSIONS
1. Among the analyzed aggregates, travertine was characterized by the highest freeze-thaw durability F = 3.88%. Crushed brick was the least resistant to cyclic freezing and thawing with F = 7.82%.
2. The highest hydraulic conductivity prior to freezing was noted for coarse LECA k 10 = 6.4 cm·s -1 , Chalzedonit k 10 = 4.3 cm·s -1 , and crushed brick k 10 = 2.1 cm·s -1 , whereas crushed granite did not attain the value of 0.3 cm s -1 required by the standard.
3. Following 70 freeze-thaw cycles, the highest decrease in hydraulic conductivity was exhibited by coarse LECA (almost 7-fold). Travertine exhibited the highest stability, whereas fine LECA was shown to have a lower hydraulic conductivity than that permissible by the standard.
4. The analysis of the trend of changes in the coefficient of hydraulic conductivity indicates that exceeding the permissible value (k 10 = 0.3 cm·s ) for fine and coarse LECA will take place after 12 and 20 years respectively of the green roof being in service. For the remaining aggregates, this period ranges from 37 to 49 years.
5. The conducted study indicates that when assessing the usefulness of aggregates applied in the construction of green roofs, the freeze-thaw indicator is characterized by only an indicative nature. The deciding parameter in choosing an aggregate is its hydraulic conductivity assessed after 30 and 70 freeze-thaw cycles.
